Abstract-The continuous growth in wireless data traffic results in the increase in total energy consumption of wireless networks. Therefore, energy-efficient solutions are extremely required to minimize the energy consumption over the entire network. In this paper, an energy-driven scheduling algorithm with optimized throughput, termed as Energy Efficiency Fair (EEF) queuing algorithm, is proposed. Based on energy efficiency of each modulation and coding scheme (MODCOD) available in Digital Video Broadcasting -Satellite Second Generation (DVB-S2), the EEF algorithm improves a scheduling mechanism of a two-step scheduler by selecting frames to be transmitted next according to "energy efficiency" policy developed. The EEF is compared with Round Robin (RR) algorithm, and a gain in energy efficiency of 47% is obtained when different modulation schemes with common code rate are implemented. Furthermore, EEF outperforms RR by 264% concerning the useful transmitted bits when QPSK modulation scheme with different coding rates is used.
INTRODUCTION
The green concept is a rapidly growing issue in a wide spectrum of communications technologies. This concept can be applied to various areas of communications, from wireless applications to hardware manufacturing to avoid or reduce the negative effects of using the telecommunication systems such as radiation, and gas or carbon emission.
The information and communication technology (ICT) industry as a whole is responsible for about 2-2.5% of global greenhouse gas emissions by 2010. According to the International Telecommunications Union, this value is expected to double by 2020. Mobile telecommunications contribute 9% of global gas emission [1] . The operation of transmitting stations to off-grid areas is based on the use of limited energy supply sources like the renewable energy sources, diesel generators and battery banks and this makes energy efficiency of vital importance.
Apart from carbon emissions, deployment of numerous communication networks in a given area increases the exposure of humans towards RF radiation, for which specific guidelines have been issued [2] , [3] . Therefore, the energy efficiency, carbon emissions and health issues should be taken into consideration in telecommunication network deployments. Network optimization strategies for such systems involve the adjustment of the network parameters that are usually focused on the transmitter position, transmitter height, antenna characteristics and power levels to provide improvements of coverage and Quality of Service (QoS). There are numerous techniques that are used to describe this problem and are usually based on stochastic or evolutionary optimization processes. The concept of green cellular is introduced in [4] , where the target of the optimization is to reduce the emitted power by mobile stations, by deploying femtocell systems. Techniques for measuring and reducing the exposure to electromagnetic radiation are found [5] - [8] .
In this paper, an energy-driven scheduling algorithm with throughput optimization is proposed. The proposed algorithm, termed as Energy Efficiency Fair (EEF) queuing, selects the next queued MAC frame to be transmitted in TDM forward link in a sequence to optimize the throughput subject and maximizing the energy efficiency. This EEF algorithm completed the one that implemented on the second stage of a Two-Step Scheduler [9] . The EEF algorithm is based on energy efficiency of each MODCOD available in DVB-S2 standard. The energy efficiency is correlated with spectral efficiency using Shannon's capacity theorem.
The overview of available scheduling techniques in DVB-S2 is presented in Section II. System design and details of the proposed algorithm are presented in Section III. In Section IV, the EEF algorithm is evaluated and its performance is compared with the legacy algorithm, Round Robin (RR). Finally, the paper is concluded in Section V.
II. SCHEDULING TECHNIQUES IN DVB-S2
Several scheduling techniques have been introduced for DVB-S2 standard in [9] - [11] . In [10] , the scheduling algorithm based on the most restrictive fragmentation scheme, called Classical Consecutive Fragmentation (CCF), is discussed. In this scheme, principally, when a packet does not fit in the current frame, it must be continued at the start of the next frame. Otherwise, the entire packet can be transmitted at the next frame by padding the current scheme. With this principle, there are several scenarios in scheduling two packets with different MODCODs within a single frame. If the up-coming packet has a higher MODCOD than the current frame, the packet can be transmitted sub-optimally. However, for the case of up-coming packet having lower MODCOD than current frame, the packet cannot be transmitted and the remainder of the current frame is padded. The transition of IP packets from one MODCOD to another caused an additional cost on the transmission. Hence, the authors proposed an optimal batch scheduling order in forward DVB-S2 satellite link to minimize the additional cost.
In [11] , cross-layer design implemented on a packet scheduling in forward link implementing ACM is proposed. The authors proposed a packet scheduler utilizing the concept of Correlated Area (CA) to classify users geographically. The scheduler has different queues for different CAs and this could maximize throughput by allocating more transmission resource for users having better channel conditions. In this algorithm, users having good weather condition are affected by those users having bad weather condition. The reverse policy is to introduce opportunistic allocation which favors the users having a good weather condition, but this policy may cause users having a bad weather condition suffer from starvation. Thus, an intermediate solution, time fairness scheduling policy is proposed in [11] where CAs are isolated and given equal scheduling cycle time for the good and bad channel condition.
In [9] , an Enhanced Two Step Scheduler (ETSS) consisting of two schedulers in a hierarchical manner is proposed. The first stage of TTS, called Adaptive Priority-based Scheduler (APS) deals with the QoS agreement in packet assignment, separated according to MODCOD. The modified version of Proportional Fair queuing (PF mod ) is used as the second stage scheduler in ETSS to improve on transmission efficiency. Based on the architecture of ETSS discussed in [9] , an EEF queuing algorithm is proposed on the second stage of TSS.
III. SYSTEM DESIGN
The proposed EEF algorithm is based on the technique used in Two Step Scheduler [9] . The proposed algorithm modifies the second stage scheduler by implementing EEF algorithm. The original PFmod is in fact modified from channel quality driven to energy-efficiency driven, as this is our main aim of this paper. The first stage of the scheduler is an Adaptive Priority-based Scheduler (APS) which deals with the packets assignment with the consideration of QoS provision. The second scheduler is modified to EEF algorithm, which is used to select frame to be transmitted next according to "energy efficiency" policy. The scheduler structure is shown in Fig. 1 . Fig. 1 , queued packets in two step scheduler are classified according to MODCOD before entering the first scheduler. The first scheduler then arranges the queue according to MODCOD sequence and forms a MAC frame in second scheduler. The second scheduler selects the frame sequence to be transmitted in forward link. Based on EEF queuing, the frame with lower MODCOD will be selected since it indicates higher payload in the packet and more data can be sent in one transmission. Thus, sending frame with lower MODCOD is more energy-efficient. Let us assume that the total amount of resources is denoted as C where C = 1 since it represents the fraction of time during which the TDM stream can be used [12] . The resource assignments are represented by the variables 1 ϕ to N ϕ , which are fractions of time. N represents the number of buffers sharing the resources.
Referring to
In the second scheduler, buffer is arranged in a sequence following an order which utilize minimum transmission energy. Thus, priority, pi is given to users having good channel condition, and related formula is shown in (1).
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D is the maximum resource fraction for a buffer, and N i is the number of buffer for a MODCOD.
As i ϕ is the resource fraction, hence
where C=1.
A. Spectral Efficiency (SE) vs. Energy-Efficiency (EE)
According to Shannon's capacity theorem, the relationship of Spectral Efficiency (SE) and Energy Efficiency (EE) for a system in AWGN channel can be defined [13] as in (3) .
The formula shows that EE approaches a constant, 1/(N 0 ln2), when spectral efficiency approaches zero.
B. System Model
The proposed EEF algorithm in this paper is designed for DVB-S2 forward link communication. The configuration of the system is illustrated in Fig. 2 where the connections between a hub (server) and satellite terminals (ST) (client) via a Geostationary Earth Orbit (GEO) satellite is established. The communication from the hub to client is the forward link. DVB-S2 was used as the forward link standard. For the return 
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Normal FECFRAME length (64800 bits) + PLFRAME header link, Digital Video Broadcasting -Return Channel via Satellite (DVB-RCS) was used. The scheduling algorithm is implemented at the Radio Access Network (RAN) at the hub site. Fig. 3 illustrates the input and output for the Two Stage Scheduler used in this research. The input of the scheduler is the incoming traffic in the forward link. The incoming traffic enters the scheduler and produced an output with significant energy efficiency, maximum overall throughput of the system, QoS satisfaction, and appropriate fairness. The output for the scheduler will be the sequence of packet in TDM stream to be transmitted. Two scenarios have been considered based on system specification listed in Table 1 . Scenario I is analysed for four different modulation schemes (QPSK, 8PSK, 16APSK and 32APSK) with the same code rate of 5/6. In EEF algorithm, we focus on the second stage of the 2-stage scheduler where MAC packet is queued to be scheduled for TDM forward link transmission. The purpose of this scenario is to analyse the number of useful bits transmitted in TDM forward link as well as the transmission power consumption. The TDM scheduler selects packets to be transmitted based on the EEF algorithm and it then compare with RR technique. The parameters used in scenario I are shown in Table 2 . Scenario II is analysed for four different coding rates (1/4, 1/2, 3/4 and 9/10) in QPSK. The purpose of this scenario is to aim and to analyze the number of useful bits transmitted in TDM forward link and also the power consumption for the transmission. The TDM scheduler selects packets to be transmitted based on EEF algorithm and it then compared with the RR algorithm. The parameters used in scenario II are shown in Table 3 .
In order to show that the proposed algorithm, EEF has a better performance in term of energy efficiency, it is compared with the Two Stage Scheduler using RR and Proportional Fair queuing (PF) coupled with Adaptive Priority-based Scheduler (APS). Figure6. Number of useful bits transmitted in TDM forward link for Scenario I using RR and EEF algorithm with PLFRAME length = 64800 bits Figure. 7. PL framing for QPSK, 8PSK, 16APSK, and 32APSK (normal FECLENGTH and no pilots)
Figure8. Total energy consumption for TDM transmission for Scenario I using RR and EEF algorithm with PLFRAME length = 64800 bits IV. RESULTS AND DISCUSSIONS By using (3) generated from Shannon's capacity theorem, the performance of Energy Efficiency (EE) versus FEC modes for four modulation techniques (QPSK, 8PSK, 16APSK, and 32APSK) in DVB-S2 is plotted in Fig. 4 . It shows the EE performance for QPSK is better than 32APSK for the same FEC mode. The EE performance is decreased as the FEC mode increase. Thus, lowest modulation technique and FEC mode is preferred for an energy-driven scheduling algorithm. Equation (3) shows the inversely proportional relationship between Spectral Efficiency (SE) and EE as shown in Figure 5 . It is observed that ŋ EE approaches zero when ŋ SE tends to infinity. Maximum ŋ EE occurred at a constant, 1/(N 0 ln2) when ŋ SE approaches zero. Since the curves of SE and EE conflict each other, the trade-off between SE and EE have to be considered. The monotonic relation between SE and EE is an ideal case without considering circuit power of a system. In practical systems, circuit power exists and it turns the SE-EE curve into a bell shape [14] as sketched with dotted line in Fig. 5 .
A. Scenario I
This scenario is analysed for four different MOD (modulation technique) with the same COD (coding rate) as shown in Table 2 . Below are the comparison between EFF algorithm and RR algorithm in term of number of bits transmitted and also energy consumptions. The number of bits transmitted in 10 TDM frames using RR Algorithm and EEF queuing Algorithm is exactly the same, as shown in Fig. 6 . It is because the length of TDM frame is fixed to normal FEC length (64800 bits) with 90 bits of header and no pilots. Although the number of bits is almost the same, QPSK is using more bandwidth than 32APSK as there is only 2 bits in one symbol for QPSK while 32APSK has 5 bits in a symbol. From  Fig. 7 , it can be seen that different modulation schemes entails different size of 90 symbol slots in the Physical Layer (PL) frame.
Figure9. Number of useful bits transmitted in TDM forward link for Scenario I using RR and EEF algorithm with 100 slots in each PLFRAME Figure10. Total energy consumption for TDM transmission for Scenario 1 using RR and EEF algorithm with 100 slots in each PLFRAME Figure11. Number of useful bits transmitted in TDM forward link for Scenario II using RR and EEF algorithm with PLFRAME length = 64800 bits
Figure12. Total energy consumption for TDM transmission for Scenario II using RR and EFF algorithm with PLFRAME length = 64800 bits From Fig. 8 , the EEF algorithm is shown to be more energy efficient than RR. EEF consumes only 51.846 x 10 -16 J to transmit 535kbits instead of 58.765 x 10 -16 J in RR for the same number of transmitted bits. In this scenario, EEF has reduced 11.77% of energy consumption for 10 TDM transmissions. The energy consumption can be reduced up to 47.01% at four TDM frame transmission. Overall, EEF has reduced the total energy consumption of 26.32% in average.
Analysis result in Figs. 9 and 10 are generated based on the same analysis parameter in scenario I but with a fixed number of 100 x 90 symbol slots for a TDM transmission. In this configuration, the number of useful bits transmitted in 10 TDM forward link transmission using RR algorithm is higher than EEF) . Number of useful bits transmitted using EEF algorithm is 9.05% less compared to the legacy algorithm. Although the number of useful bits transmitted using EEF is less but it is 20.17% more energy efficient than RR algorithm for 10 TDM transmission. It is observed that RR can transmit up to 42.71% more useful bits than EEF but more energy is also consumed, specifically 73.12% more energy. On average, RR can send 22.97% more useful bits than EEF with 44.73% more energy.
B. Scenario II
Differ from scenario I, this scenario is analysed for four different COD (coding rate) with the same MOD (modulation technique) as shown in Table 3 . Below are the comparison between EFF algorithm and RR algorithm in term of number of bits transmitted and also energy consumptions.
Figs. 11 and 12 show the number of useful bits transmitted using RR algorithm is 11.81% higher than EEF in 10 TDM forward link transmissions. It is also noted that although RR performs better, its total energy consumption in RR algorithm is higher (5.15%) than in EEF. RR is able to send at most 58.76% more useful bits than EEF by only utilizing 25.07% more energy. On average, RR can transmit 32.50% more useful bits than EEF in this scenario by using 13.07% more energy. From these observations, it can be stated that EEF performs better in energy efficiency compared to its spectral efficiency performance.
Hence, in order to optimise both energy efficiency and spectral efficiency, priority for each MODCOD is adjusted and analysed in order to obtain optimal result favouring throughput performance. The new priority portion for QPSK9/10, QPSK3/4, QPSK1/2 and QPSK1/4 are 0.4, 0.3, 0.2 and 0.1 respectively. Figure13 . Number of useful bits transmitted in TDM forward link for Scenario II using RR and EFF algorithm with new priority set.
Figure14. Total energy consumption for TDM transmission for Scenario II using RR and EFF algorithm with new priority set.
With the new priority allocation, it is observed that the number of useful bits transmitted using EEF algorithm is much higher than RR algorithm, as shown in Fig. 13 . There is an increase of 28.17% of useful bits transmitted for 10 TDM forward link transmissions with only 12.32% more energy consumption, as shown in Fig. 14 . In this scenario with new priority set, EEF can transmit up to 264.84% more useful bits than RR with only 66.27% more energy. On average, EEF can send 81.24% more useful bits than RR using 29.78% more energy consumption. Thus, higher priority should be given to lower modulation technique and higher coding rate in order to fulfil the objective of this EEF queuing scheduling algorithm where optimizing the throughput efficiency with subject to high energy efficiency.
V. CONCLUSION
In this paper, an energy-driven scheduling algorithm for DVB-S2 standard is proposed. This algorithm (EEF queuing algorithm) is designed to be used in the second stage of two steps scheduler where the scheduler selects the next to be transmitted in TDM forward link. The algorithm works based on energy efficiency value of each MODCOD. Lowest modulation technique (QPSK) is more energy efficient, so it is given higher priority and more packets with QPSK setting could be sent. Although the EEF is an energy-driven algorithm, optimizing throughput is also included in its objective. It is observed that high throughput is observed when higher priority is allocated to higher coding rage resulting in both high energy efficiency and high throughput. However, the algorithm proposed in this paper is based on energy efficiency performance analysis from the spectral efficiency perspective. For a more o energy efficiency optimization analysis, more quality-of-service (QoS) related metrics with spatial efficiency can be considered. 
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